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Grooves (22) are formed in a surface (21') ofa

wafer (21) on which semiconductor elements are
formed, along dicing lines or chip parting lines on the

Method of dlwdlng a wafer and method of manufacturmg a semlconductor dewce

wafer (21). The grooves (22) are deeper than the thick- . '

ness of a finished chip, and, each of thern has a curved
bottom surface. A holding sheet is attached on the sur-
face of the wafer on which the semlconductor elements.
are formed. Subsequently, the rear surface of the wafer
is lapped and polished to the thlckness of the finished:
chip, thereby d:vndmg the wafer into chips. Even after

THIKESS OF FNSHED CHP

the wafer is divided into the chlps the {apping and pol-

becomes equal to the thickness of the finished Chlp The.
lapping. and polishing amount (A) required to attain the
thickness of the finished chlp after the lapped face of the
wafer (21) reaches the. bottom surface of the groove .
(22), and a depth (B) of a reglon of the curved bottom

AMOUNT

| LAPPING AND POLISHING.

- surface of the groove (22) defmes a ratio (AIB) of not

less than 0.3.

FIG.9 ..
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Descripion =

[0001] The present mvent:on relates generally to a method of dividing a wafef and a method of manufactunng a
semiconductor device, and more particularly to manufacturing steps of dicing semrconductor elements formed in a
wafer into chips and sealing the chips in packages, thereby miniaturizing and thlnnmg semlconductor packages and
increasing the diameter of the wafer to be used.

[0002] The manufachiring steps for semiconductor devices are generally classified into steps for patterning vanous
semiconductor elements in a wafer (semiconductor substrate) and steps for dicing the respective semicondiictor ele-
ments formed in the wafer into chips and sealing the chips in packages. Recently, the diameter of a wafer has been -
increased to reduce the manutacturing cost, and there has been ademand for a decrease in size and thickness of pack-
ages in order to enhance the packaging density. in the prior art, in order to seal a semiconductor chip in a thinned pack-
age, a rear surface of a wafer, which is opposite to a pattern formation surface (major surface) of the wafer, is ‘lapped
by a grindstone and polished by free grind grains to thin the wafer prior to dicing the wafer into chips. Then, the wafer
is diced. At the time of lapping, an adhesive sheet or.a resist is coated to the pattern formation surface of the wafer in:

‘order to protect the pattern formation surface. Thereafter. grooves are formed in dicing line areas.provided on the major
_ surface of the wafer. These grooves are formed by means of a diamond scriber, a dramond blade, a laser scriber, etc.
"The dicing step is carried out by a half-cut methed in-which the wafer, as a single body, is diced to 1/2 of the thickneéss

of the wafer or diced until the remaining wafer becomes about 30 pm thick; a half-cut method in which the wafer i is diced
similarly, with an adhesive sheet attached to the rear surface of the wafer; or a full-cut method in which the wafer is

diced throughout the thickness thereof while the adhesrve sheet is cut to a depth of 20 to,30 um. The half:-cut method - -

requires another dividing step. When lhe wafer as a single body. is used, the wafer is sandwiched between soft films, -
and an external force is applied by a roller or the like, thus dividing the wafer. When the wafer is attached to the adhesive
sheet, an external force is applied on the sheet thus. dividing the wafer. The divided chips are separated fromthe sheet
in the following manner. The rear surface -of the sheet is pushed up by a pickup needls provided on a die bonding
device. The needle pengtrates; the sheet and comes in.direct contact with the rear surface of each chip. The needle is
further raised and the chip is separated from the sheet. The surface of the separated chip is held by a tool called "collet™

" and the chip is mounted on an island of a lead frame. Then, the pads of the chip are electrically connected to‘inner lead.

portions of the lead frame by means of wire:bonding, and the chip is sealed in a package. The chlp may be: mounted on
the island, for example, by a method in which a conductive paste is coated on the island in advance, a method in-which
a gold-silicon eutectic is used, or a method in.which a‘thin filmis deposrted on the rear surface of the wafer and the chip
is mounted by using solder.

[0003] FIGS. 1 to 7 illustrate in detail an example of the abcve-described conventional wafer di vrdmg method and
semiconductor device manufacturing method. FIG: 1 illustrates a stepiof attaching a surface protection tape-on a wafer; -
FIG. 2 a step of lapping and polishing the rear surface of the wafer; FIG. 3 a step of separating the surface protection

tape; FIGS. 4A and 4B steps of fixing the wafer on a fixing sheet; FIG. 5a step of drcmg the wafer FIG 6-astep of prck- .
-ing up separated chips; and FIG. 7 a die bonding step.

[0004] As is shown in FIG. 1, the rear surface of. a wafer 1 is fixed on a chuck table 2. By rotatmg and moving an .
attachment roller'4 in the direction indicated by the arrow, a protection tape 3'is attached on'a pattern formation surface _
(major surface of wafer 1) 1' of the wafer 1. Various semiconductor elements are formed in the pattern formation' surface -

1" of water 1. Subsequently, as shown in FIG. 2, the pattern formation ‘surface 1', on which the' pratection tape 3 is B -
attached, is situated downward and fixed on a chuck table 5. The rear surface of the wafer 1 is lapped and pollshed o
a predetermlned thickness (i.e. a thickness of a finished chip) by means of a grindstone 6. As is shown in FIG.’3, @ tape' :

7 for separating the protection tape 3 is attached to the protection tape 3, and the protectlon tape 3i is separated from i

the pattern formation surface 1'. A flat ring 8 is fixed on a wafer fixing sheet 9, as shown in FIG. 4A. Wrth the slack or."" o
wrinkles of the sheet 9 removed, the wafer 1 is fixed on the sheet 9 wnthm the opening of the flat ring 8, ‘a8 shiown i in
. FIG. 4B. The sheet 9 on which the wafer 1'is fixed and the flat ring 8 are fixed on a dlcmg ‘chuck table 10. Théwafer1

is diced (full-cut) by.a dicing blade 11 into individual chips 12 (see FIG. 5). As is shown in FIG. 6, a plckup needle 13is
penetrated through the 'sheet 9 from the bottom thereof and put in contact with the rear surface of each chip 12. The :
chip 12 is pushed by the needle 13 and separated fromthe sheet 9. The separated chrp 12 is mounted on an island 14
of a lead frame, as shown in FIG. 7, by using a die bonding adhesive such as a conductive paste ‘Thereatfter, although

not shown, inner lead portions of the lead.frame are wire-bonded to pads of the chip 12, and the resultant structure is .

sealed in a package formed of a resin or ceramic. Thus, the manufacture of a semiconductor device is completed.

10005]  The above-described wafer drvldmg method and semiconductor device manufacturing method however,

have the following problems (a) to {c).

(a) The watertends to be broken while it is thinned by lapping. Even if the wafer is lapped with the protection tape 1
being attached, the wafer may warp due to distortion in the lapping. As a result, the wafer may be caught during
transfer within the lapping apparatus and may be broken. Since the strength of the wafer decreases as the thick-
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ness of the wafer decreases or the diameter thereof increases. If the wafer body after it is thinned, is'transferred * -
for various processes as in the prior art, the possibility of breakage increases..For example, when the wafer is 400 .
pm thick, it can withstand a load of about 1.6 Kgf/mm2 However, if the thnckness :sdecreased to 200 pm the break-.
ing strength of the wafer decreases to 1/4 or 0.4 Kgt/mm?.

(b) Since the two sheets, ons for protecting the pattern formation surface and the other for: flxmg the wafer at the
time of dicing, are used, the attaching and separating steps for the two sheets are required. Consequently. thecost- -
for material increases and the number of manutacturing steps aiso increases. .

(c) The degree of chipping on the rear side of the water increases when the wafer is dnced resultnng ina decrease_' T
in the breaking strength of the chlp : L

Conventlonally. transistors, res:stors and. capaators for monitoring various charactenstrcs (heremafter referred’ to as -
"TEG" (Test Eiement Group)) are arranged within the-chip. Recently, however, the TEG is arranged on ‘dicing lines for -
the purpose of a higher integration density. As is well known, the devices of the TEG are formed of oxide films,’ alumi- - -
num, etc. When the devices of TEG are diced by using a diamond blade, the birding of the grindstone of the blade tends ™'+
to easily occur and the cutting performance deteriorates. Thus, when the TEG is arranged on the dicing-lines, the = " '
degree of chipping on the rear side of the wafer further increases. In-general; the Semiconductor substrate is formed of s

a fragile material such as silicon or GaAs. If a crack ocours, the breaking strength of the-wafer decreases. s
[0006] As has been described above, the conventional wafer dividing method and semiconductor devnce manutac
turing method.have the problem in that the wafer tends to be broken while it'is being thinned by. lapping or transferred
In addition, since the fwo sheets for protecting the pattern formation pattern and holding the wafer aré required; the cost™
for material increases and the number of manufacturmg steps increases. Moreover, the degree of chlpplng on the rear'
side of the wafer increases when the wafer is diced, and the breaking strength of the chip decreases: -

[0007] - An object of the present invention is to provide a wafer dividing method and a semiconductor dewce man="
tacturing method capable of. suppressmg breakage of wafers at the hme of thmmng wafers by Iapplng or transferrmg the
wafers. :

[0008] Another object of the invention is to provxde a wafer d:v:dlng method and a semiconductor devuce manufac-
turing method capabile of reducing the number of manufacturing steps and the manufacturing cost. - ) - .

ufacturing method capable of decreasing the degree of ch:ppmg on the rear sude of wafers and preventmg a dea'easef'
in breakmg strength of chips. - T T
[0010] - - The above objects can be achleved bya wafer delng method compnsmg the steps of: formmg grooves in> -

a curved surface at the tip, the grooves-being deeper than a thickness of a finished chip and having-a curved bottom
surface; attaching a holding member on the surface of the water on which the semiconductor elements are'formed;-and
lapping and- polishing a rear surface of the wafer to divide the wafer.into. chips, and keeping on-lapping and-polishing v
the rear surface of the wafer even after-the wafer is divided into:chips; until the wafer is made to: -have the thickness of "= .
the finished-chip, wherein.a- lapping and polishing amount required to attain the thickness of the finished chip ‘after- a’ .
lapped face of the wafer reaches the bottom surface of the groove, and a depth of a region of the curved bottori surface"" i

“defines a ratio of not less than 0.3.

[0011]  The above objects can also -be achieved by a wafer dividing method comprising the: steps of: formmg

- grooves in a surface of a wafer, on which semiconductor elements are formed,:along chip parting lines by efching; a

45

depth of the grooves, as viewed from the major surface of the. watfer, being greater than-a thickness of & finished chip; - -
and each of the grooves having a curved bottom surface; attaching a holding member on the surface of the wafer on = -
which the semiconductor elements are formed; and lapping and polishing a rear surface of the wafer to divide the wafer
into chips, and keeping onlapping and polishing the rear surface of the wafer even after the wafer i is divided into chips,
until the wafer is made to have the thickness of the finished chip, wherein a lapping and polishing amount required to

" attain the thickness of the finished chip after a lapped face of the wafer reaches the bottom surface of the’ groove and -
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a depth of a region of the curved bottom surface defines a ratio of not less than 0.3.

[0012] - According to this wafer dividing method, ‘grooves, which are deeper than a thickness of a flnlshed chlp, are
formed in a surface of a wafer on which semiconductor elements are formed, by means of a dicing blade or by-utilization -

of etching; and arear surface of the watfer is lapped and: pelished to the thickness of thefinished chip, thereby dividing -

the wafer into chips. Thus, chipping is prevented in the dicing step. In addition, since the bottom surface of each: ‘groove .

is curved, the arch shape of the groove bottom provides the wafer with a remarkable strength wher the wafer is lapped
and polished. In addition, silicon chipping is prevented immediately before the wafer is divided into chips, damage to-the -
end faces of the chips is prevented, and the chips are thereby improved in‘quality. it should be also noted-thatthe Iap-’"
ping and polishing amount required to attain the thickness of the finished chip after a lapped face of the wafer reaches._; -
the bottom surface:of the. groove, and a depth of a region of the curved bottom surface of the groove defines:a ratio: of

‘not less than 0.3. Owing to this, the average diameter of the particles of the chnppmg produced in'the lapping -and pol- -

1028736A2_I_>
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|shmg step is as.small as possible, thus further improving the chip quahty

" [0013]) - . - Further; the above objects can be achieved by a method of manufacturing a semxoonductor devnce. compris-

ing the steps of: forming semiconductor elements in a major surface of a wafer; forming grooves in the major surface of
the watfer along dicing lines on the wafer by means of a dicing blade having a curved surface at the tip, a depth of the
grooves, as. viewed from the major surface of the wafer, being greater than a thickness of a finished chip, and each of
the grooves having a curved bottom surface; attaching an adhesive sheet onthe major surface of the wafer; lapping and
polishing a rear surface of the wafer to divide the wafer into chips, and: keeping on-lapping and polishing the rear surface
of the wafer. even after the wafer is divided into chips, until the wafer.is: made to-have the thickness of the finished chip;
and separating each of the divided chips from the adhesive sheetand sealing each chip ina package, wherein a lapping
and polishing amount required to attain the thickness of the finished chip after a lapped face of the wafer reaches the -
bottom surface of the groove; and a:depth.of a region of -the-curved bottom surface defines a ratio of not less than 0.3. :
[0014]. : .. The above objects can also be achieved by.a' method of manufacturing a semiconductor device, comprising -~

the steps of formlng semiconductor.elements in-a ‘major. surface of a wafer; forming ‘grooves in the major surface of the o
wafer by.performing etching along.chip parting lines-on the wafer, the.depth of the grooves, as:viewed from the ‘major. - -

surface of the wafer; being greater.than a thickness.of a finished chip, and:each of the grooves having a.curved bottom

surface; attaching an adhesive sheet on the. major surface of the wafer; lapping and. polishirig a.rear surface of the wafer:

to divide the wafer.into chips, and keeping-on lapping-and.polishing the rear: surface-of the wafer:even:after.the'wafer i
divided into chips, until the wafer is made to have the thickness of the finished: :chip; and separating each of:the divid
chips from the adhesive sheet and sealing each chip.in-a package, wherein a lapping and polishing amount required. to-

" attain the thickness of the finished chip after a.lapped face.of the:wafer. reaches the bottom surface of: the groove and?iv B

a depth of a region.of the-curved bottom surface of the groove defines a:ratio of not less than:0:3.~

[0015] According to this semiconductor device manufacturing:method,  the step of separating the semlconduetor-
elements formed .in the wafer into chips-and sealing each.chip in the package is carried out in the order of dicing (half-:~
~ cut), lapping-and.polishing of the rear surface of the watfer, and die bonding. Specifically, the water is.divided into chips .

by the lapping and polushmg Thus, in the state in which the rear surface of the wafer is lapped and polished and the -
wafer is thinned, the waler is not tfransferred or. processed.: Therefore; breakage of the water can be prevented:: - -

[0016] Since the number of sheets to.be-used is only one, the cost for material and.the number.of manufacturing. -

steps can be reduced, and the.manufacturing.cost-can be- decreased Slnce there is no need to divide the wafer by?-'- :
applying an externaf force thereto, chipping can be suppressed. - .

[0017] Since the rear surface of the wafer is lapped and pohshed and the wafer is thus dlv:ded mto chrps chlppnng :
" on the rear. side of.the wafer can be prevented, and'a decrease in breaking' strength can be:suppressed: In addition,

. . since the. bottom. Surface of each groove is:curved, the arch.shape of the groove bottom provides the wafer with a:

- immediately before the wafer is divided into chips; damage to the end faces of the chips.is prevented, and thechips are. - . .
thereby. improved.in.quality.- it should bealso.noted that the lapping and: polishing amount required to attain-the:thick- o
ness of the finished chip after a. lapped face of the wafer.reaches:the bottom surface of the groove, and a'depth.ofa. " -
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remariable strength when the rear side of the wafer is‘lapped and polished.- In addition, silicon. chipping is:prevented-

region of the curved bottom surface defines a ratio of not less-than 0:3. Qwing to this, the average diameter-of the' par- :‘:-
ticles of the chipping produced in the’ Iappmg and pohshung step-is as small-as possrble thus further i |mprovmg the chrp -

quality. o
[0018). - This summary of the invention does not necessarily describe afl necessary features SO that the mvem:on C

. may also be a sub‘combmatmn oof these described features. .

[0019] . = Theinvention can bemore fully understood from the followmg detalled descrlption when taken in con]unctlon o
with the aocompanymg drawmgs in which: .

FIG 1 nllustrates a convenhonal method of manufactunng a semxconductor devnce and is, specmeally. a cross-sec-
tional.side view illustrating a step of attaching a surface protection tape on a.wafer; :
FIiG. 2. illustrates the conventional method of manufacturing the semiconductor déevice-and is; specrflcally, across-
sectional side view. illustrating a step of lapping .and polishing a rear surface of the wafer; - -
FIG. 3 lllustrates the conventional method of manufacturing the semiconductor device and is, specnfncally. across-
_sectnonal side view: |Ilustrat|ng a step of separating the surface protection tape; . - - : -
FIG -4A illustrates the conventional. method of manufactunng the semloonductor dewce and is,’ specmcally a per-' o
C spectlve view of aflat ring;
FIG. 4B illustrates.the. oonventonal method of rmnufactunng the semxconductor dev:ce and is, specrfuzlly a cross-
sect:onal side view |Ilustrat|ng the state in which the wafer is fixed on a fixing-sheet; .
FIG. 5. |llustrates the conventional-method of. manufactunng the semnconductor devrce and is, specrflcally. across-
sectional side view illustrating a step of dicing the wafer; : -
FIG: 6. rllustrates the- convent:onal -method.of. manufactunng the. semlconductor dewce and is, specrhcally. a cross-' :
: sechonal side vnew illustrating.a step of picking:up. separated chlps. . .

1026735A2_|_>
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FIQ. 7 illustrates the conventional method of manufactunng the semroonductor devrce and |s specmcally. ‘a per-
spective view.illustrating a die bonding:step; .-

FIG. 8illustrates a'method of manufacturinga semroonductor devrce according te afirst embodlment of the present '

invention and i is, specifically, a cross-sectional side viéw iliustrating a step of tormlng grooves ina water along d icing -

lines;

FIG. 9is an enlarged sectional view of a groove shown in FIG. 8. BRI
F1G. 10A illustrates the method of manufacturmg the semrconductor devrce aocordmg to the frrst embodrment and
is, specifically, a. perspective view of a flat ring; -/ . S
FIG. 10B iliustrates the method of. manutacturmg the semlconductor devrce aocordmg to the first embodrment and*' o
is, specifically, a cross-sectional view illustrating a step of attaching a surface protection tape to the wafer; - '

N FIG. 11 illustrates the method-of manufacturing the semiconductor device according to the first embodimént and is;- '
_spegcifically, a cross-sectional side view |ltustratmg a step of Iappmg and poltshlng the rear surface ot the water (a j -

dividing step);

‘FIG. 12 is a diagram showrng how the measurements of the average dlameter ot the parﬁotes of the chipping on- - '

the reverse side.of the wafer vary when the ratio of the lapping. and polishing amount, required to attain the finished =
chip thickness after-the abrasion face reaches the bottom of the groove in the process of removrng the rear side of -
the wafer, to the depth of the curved bottom surface of the groove is changed; : I
FIG. 13 illustrates the method of manufacturing the semiconductor device according'to the first embodrment andis, .
specifically, a cross-sectional side view illustrating a step of picking up separated chips; - : .
FIG. 14 illustrates the method of manutacturing the semiconductor devrce accordrng 10 the trrst embodtment and ls. Co

-gpecifically, a perspectxve view illustrating a die'bonding step;-

FIG..15 illustrates the. method of manufacturing the semiconductor device' acoordmg fo the: trrst embodrment=and
specifically, a cross-sectional view illustrating a step of sealing the chip in a package; - T

FIG. 16A is:an enlarged view of lapped faces of the wafers diced into chips'in the conventional method -
FIG. 16B is an-enlarged view. of lapped faces of the wafers diced into chips in the method of the' present inventio!
FIG. 17 illustrates a modification ‘of the method of manufacturing the semiconductor device accordrng tothe‘firs
embodiment and is, specrttcalty. a perspectrve vrew |Ilustratrng the step ot attachlng a surtace prntectnon tape to the
wafer; . : v
FiG. 18 |llustrates a modrflcatlon ot the method ot manufactunng the semnoonductor devrce accord ng to the first - -
embodiment.and-is, specifically, a cross-sectlonal side vrew rllustrahng a step of lapptng and pollshrng the rear sur- :
face of the wafer-(a dividing: step); - : :

-FIG. 19A.illustrates a modification of the: method of manufactunng the semroonductor devrce accordlng to: the frrst A

embodiment, and.is, specifically, a perspective view showing the transfer stepfor divided chips (a tape changlng S
step)-and.illustrating a step of attaching thereverse' side of a wafer onto the adhesive sheet of:a flat ring;:
FIG. 19B illustrates a modification of the method of manufacturing the semiconductor device according 1o the first®
embodiment, -and is, specifically, a perspective view showing the transfer step for drvrded chrps (a tape changmg .
step) and illustrating a steép of separating a-surface protectiontape; . =~ -
FIG. 20 illustrates.a method of manufacturing a semiconductor device: acoordmg toa second embodrment of the o
present invention and is, specifically, a cross-sectional view of the semiconductor device applied to a LOC'package; ' -
FIG. 21 is a-diagram comparing breaking strength drstnbutrons obtarned wrth the oonventlonal method and the '

- method of the present invention;

FIGS. 22A to 22E illustrate.a method of manufactunng a semrconductor devrce accordrng foa thtrd embodtment of

~ the present invention and are, specrfrcalty. perspectrve VteWS tllustratlng in suoces510n steps of mountlng drvrded

chips on lead frames; °

"FIGS. 23A 10 23C illustrate a method of manufactunng a semrconductor dewce aocordrng to a‘fourth embod ment 3

of the present invention and are, specmcalty, perspectlve views lllustratlng in succession steps ot mountrng drvrded B
chips on lead frames; : it S
FIGS. 24A 10 24C illustrate a method of manufactunng a semlconductor device accordmg toa frﬁh embodimentof -
the present invention and are, specrfrcally, perspectrve views |Ilustratnng in successron steps ot mountxng drvrded S

- chips on lead frames; S
" FIGS. 25A to 25E illustrate a method ot manutacturmg a semlconductor device aooordmg toa srxth embodlment of - -

the present invention and are, specrfrcally perspechve views |llustrat|ng in suocessron steps ot moun'ang drvrded e
chips on lead frames;

FIGS. 26A to 26E illustrate a method ot manufacturrng a semlconductor devnce accordmg toa seventh embodrment B

- of the present invention and are, specrtlcally perspective views: |Ilustrat1ng in succession steps of mountmg drvlded _ '

chips on lead frames; .
FIGS, 27At0 27D illustrate a method ot manufacturing a semrconductor devrce aocordmg to an eighth embodrment
of the present invention and are, specifically, perspective views |l_lustrahng in succession steps of mounting divided -

1026738A2_1_>
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chrps .on lead frames; and

FIGS. 28A and 28B illustrate a method of manufactunng a semroonductor device awording toa nrnth embodlment "
of the present invention and are, specrflcally. perapectrve views |Ilustrahng in succession steps of mountmg deed
: chrpsonleadframes el . o : RN
5 e .
© [First Embodrment]

[0020] FIGS 8 to 15 rllustrate a wafer drvrdmg method and a semrconductor devrce manufaclurmg method acoord-
"ing to.a first embodiment of the present invention. Specrhcally. FIG- 8iillustrates a step of: forming grooves-in a wafer
10 along dicing lines; FIG. 9 is an enlarged sectional view. of-a groove; FIGS. 10A and 10B illustrate a step of attaching a
surface protection tape to the water; FIG. 11 1Iustrates a step of lapping and polishing the rear surface of the wafer @ -
dividing. step); FIG. 12 is a diagram.showing how. the measurements of the average diameter of the particles of the chip-
ping on the reverse-side of the wafer vary when the ratio of the lapping and polishing amount, required to attain the fin-
. ished chip thiokness after.the lapped face reaches the bottom of the.groove.in the process of removing the rear side-of
15 the wafer; to the depth of the curved bottom surface of the.groove.is. changed; FIG. 13-illustrates a step of. picking-up
separated chips; FIQ.-14-illustrates.a die bonding step;:and FIQ:-15 illustrates a step of sealing the chip-in a;package:
" [0021} First, as shown in FIG. 8, a wafer.21_on whichvarious:semiconductor.elements are formed is fixed on a
chuck table 23 of a dicing apparatus by means.of a:vacuum suction;.etc: s with.a pattern formation surface (major surface.
of wafer 21) 21' situated upward.: A dicing biade 24 is rotated at a predetermined rotational.speed.to. cut grooves 22
20 along dicinglines to a predetermined depth while.a cuttmg water being applied: The depth -of each groove 22is: greater
- . than the thickness of a finished chip by at least 5 um, preferably by: 5.t0:60 um:...
[0022] - . Asaresult, a groove:22 having a width.D (which corresponds to the w:dth of the d‘crng blade 24) and havmg
a curved bottom surface is formed, as shown in FIG.. 9. The depth of the.curved bottom surface of the:groove 22:is indi-
cated by B (which corresponds to the length of the. curved-surface portion.at the tip end of the dicing blade 24).' '
25 - [0023] : ;. The grooves 22 need:not be formed in a-mechanical. way using.the dicing blade 24 described above. They.
- may be formed in a chemical way. such as by etching.:For example; isotropic etching-and-anisotropic: etching can be
- combined to form a groove 22 having such a.cross sectional shape as shown:in FIG. 9..To be more specific, the major
surface 21' of the wafer 21 is coated with photoresist, and chip parting lines (corresponding to dicing lines) are exposed
. ina PEP process or the like. “Thereafter, the wafer 21 is immersed in a KOH- solution, thereby selectively: etching. the.
30 wafer 21 in the depth direction thereof {i.e., in the.direction-perpendicular to the major surface of the wafer. 21). Asa
result of this selective eiching, grooves are formed in the wafer 21. In place of the wet etching using the KOH solution,
dry etching technology, such as RIE (reactiveion etching), is applicable. For example, only the silicon can be selectively -
etched.by using etching gases,: stich as an SFg gas and a mixture gas of SF¢/CF, in.a vacuum (the degree of vacuum:
60 mtorr). In particular, the use of the mixture gas of SFg/CF enables reliable anisotropic etching, so that grooves can
35 be formed.in the direction substantially. perpendicular:to.the:-major surface 21' of the wafer.21.. Then, the bottom-of the
groove:is.isotropically. etchlng. thereby.forming a groove having a curved surface at the:bottom, -as shown in FIG. 9.
[0024) In comparison with the case where the dicing blade 24, such as a diamond:blade, is used, the groove for-
mation method.using etching.is advantageous in that the side walls of the grooves 22 (i.e., the side surfaces formed by
etchmg) are not:subjected to mechanical stress. This means that crystal defects, which are:likely to be generated in side
40 'surfaces formed by cutting, can be reduced. Needless.to. say, the mechamcal and.chemical methods described: above
N are not the only method available. For example, the grooves 22 may be formed in an optical method using:a. laser -
scriber.;With respect to the step shown.in FIG: 8, the'method.in which the grooves 22 are formed does not matter. What _
is nnportant in-connection:therewith is that the depth of the grooves. 22 is greater:than.the thicdkness of-a. frmshed chrp
. by atleast 5 um (the depth of the grooves 22 must not be so great as to divide the wafer 21 into chrps) :
" 45 [0025] ;. . Then, the wafer 21, in which the grooves 22 are formed; are cleaned and dried. -
[0026] .. ..Aflatring 25, as ghown in.FIG. 10A, is.attached to a surface protection tape (adhesnve sheet) 26 for protect-
ing the pattern formation surface of wafer 21. With a slack or wrinkles of the tape 26 removed, a pattern-formation sur-
“face 21' of the. wafer 21 in which the grooves were formed iin the precadrng step is flxed on the adheave srde of the tape
26, as shown in FIG: 10B... . .
50 [0027] Subsequently, as shown in FI& 11 the water 21 held by the flat nng 25 and surface protechon tape 26 us
fixed on a chuck table 27 of a: lapping. apparatus by means of a vacuum suction, etc.- The rear side of the wafer 21 i
lapped while the chuck table 27 and a grindstone 28 are being rotated and the grindstone 28 is being:lowered. This lap:
ping method is generally called "inield fapping". Alternatively, a through-field lapping method or a-creep field lapping
. method, wherein the wafer is. lapped-while the wafer: 21: and.grindstone 28 are being rotated, may. be adoptet: When
§5  the rear. srde .of the. wafer: 21 has been lapped :as far. as:the grooves.22, the:wafer 21 is divided. into.chips 29. In this
i invention, the lapping is continued even after the wafer 21 has been divided into the chips 29, the wafer:is:lapped-until
the thickness of the finished chip;(a finished chip thickness).is attained.. At the time,:the ratio (A/B) of thelapping'and -
polishing amount A 'to d@h-;B is.controlled to be notless than 0.3: The-lapping:and polishing amount A is:an.amount
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by which the watfer has to be abraded to attain the thickness of the firiished chip after the lapping of lapped face reaches - -
the bottom of the groove 22, and the depth B corresponds to the depth or |ength of the curved-surface regron at the bot--.
tom.of the groove 22. e

. [0028] FIG. 12 shows how the measurements of the average diameter of the particles of the ohlpprng on the '

5 reverse side of the wafer vary when the ratio (A/B) of a lapping and pélishing amount (A), required to attain the' frnrshed' o
chip thickness after the lapped face reaches the bottom'of the groove in the process of removing the rear side of the' - .
watfer, to the depth (B) of theicurved-surface region of the bottom-of the‘groove is changed: As shown in FIG. 12, when"_
the bottom of the groove 22 flat, chipping of particles of 14:um or so are genérated-on the' average. The chrppmg isof
large size when ratio A/B is not greater than 0.3, and are:'smallerthan 14 um when the, raho A/B is: greater than 0 3 The¢ T

10 average diameter:of the particles of the chipping is 5 wm when the ratio A/B is*1 or so.. : et

'[C029} As described above, 'even if chipping is genherated in-regions wheére the cut: face formed by d:cnng and the

polished face formed by lapping-and polishing meet each other, such chipping can be ‘easily rémoved by Iappmg and o

‘polishing the regions. In addition; since the bottom surface of:each-groove 22'is curved, the @ich shape of thie groove: -
- bottom provides the wafer 21 with a remarkablé mechanical strength when the wafer 21 is lapped and polished? Ih addi- S

15 tion, silicon chipping is prevented immediately:before the wafer is'divided into chips; damage to‘the end faces of the

chips is prevented; and the chips are thereby:improved in quality. ‘li-shouid be als0 noted that the lapping and polishing ' - :
. amount required to attain the thickness of the finisheéd chip after a lapped face of the wafer reaches the bottom $iiface ™ -

of the groove, and a depth of a region of the curved bottom surface defines a ratio of not less than 0.3. Owing to this,

the average diameter of the particles of the chipping produced in the lapping and polishing step is as small as possible, -

20 ‘thus further improving the chip quality. Moreover, since the depth of each groove is greater than the thickness of a fin-

ished chip by 5 to 60 um, quality deterioration, such as unseparatlon can be prevented, and the Iappmg and: polrshmg e
~ amount can be optimal. Hence, abnormal abrasion can be suppressed with no need to sacrifice the productrvrty Thus,:-_' o

the present invention enables the finished chip 29 to be as thin as 30 o 50 pm. I

[0030] When the rear side of the wafer 21 is lapped as far as the grooves 22 so as to divide the wafer 21 mto chrps. S

25 a grmdstone having grinding particles of only one kind-may be used. in order to attain a short grindmg time and sup- .~ -
press the generation of chipping, however, it is preferable to employ two kirids of gnndstones havmg different partlcle,. L
diameters. In addition, the rear side of the wafer 21 is desirably lapped in two or.more steps. To be more specmc the. . .
lapping and polishing process is executed first by use of-a grindstone whose grinding particles are #360 or so (thediam- -~ -
eters of the major grinding particles are in the range of 40 to 60 pm) and then by use of a small-particle grindstone :

* 30 whose grinding particles are #2000 or so (the diameters of the major grinding particles are in the range of 4 to 6 wm).
By executing the lapping and polishing process in this manner, the time required for the wafer to be divided into chips
29 can be as short as possible. In addition, the grindstone used when the wafer 21 is trnally dlvrded |nto chlps 29is the '
small-particle type. Accordingly, the generation of chipping can be suppressed.: B N
[0031] - As is shown in FIG. 13, the flat ring 25 and tape 26, on.which'the chips:29 drced from the: wafer 21 are. C

35 mounted, are placed on a'die bonding apparatus.'A downward pressure is applied to- the pattern formation: surface 22
via the surface protection tape 26 by a pickup needie 30 of the die bonding’ apparatus. Thereby, the pickup needle 30
pushes the pattern formation surface of the chip 29, without penetrating the tape 26; and thechip 29is separated from
the tape 26. The inventors confirmed that when-the radius- of curvature of the tip portion of the pickup needle 30 was
0.35 mm or more, no damage was caused on aluminum wiring, etc. in the chip-29 even when a force of 18-N'was

40 applied (in the case of a chip with a size of 15 mm x°'15 mm). Thus, even if the pickup needle 30 (imetallic pin) pushes =
the major surface of chip 29 with the surface protection tape 26 interposed, the' pickup needié 30 does not break the -
tape 26 if the radius of curvature of the tip portion of the pickup needle 30 is optimized, and there arises na problem n~
the present embodiment, when the chip 29'is separated from the tape 26, the chlp 29is pushed down However the =
chip 29 may -be pushed up, as is widely adopted in the field of the art: . T

45 [0032) - The chip 29 separated from the tape 26.is held by a tool called "collét” of the die bondmg apparatus and
mounted on an island 31 of a lead frame, as shown in FIG. 14. In this case, a conductive paste 32 for fixing'i is’coated
on the island 31 of the lead-frarme in advance, and the.chip 29 is die-bonded on thé island 31 Alternatrvely. the chip29:" -
may be mounted by using a gold -silicon eutecttc, or by deposltmg a metal thin frlm on the rear srde of the wafer and e
using solder. . R

.50 [0033] . Thereafter, the pads of the chrp 29 are’ electrrcally coOnnected'to the inner lead port:ons of the’ Iead frame 34:-," e
by means of bonding wires 35 in a wire bonding step.-The chip 29, island 31 and inner lead portions of lead frame 34. A
are sealed in a package 33 of a resin. (or ceramrc) Then lead formrng rs performed and a semlconductor devrce as
shown.in FIG: 15, is obtained. : B
[0034]. FIGS. 16A and 16B are enlarged vrews of lapped faces of chlps dlced from the wafer. FIG 16A is an{

85 enlarged view of lapped faces formed by full-cut dicing according to the conventional dividing method and manufactur- - }
ing method. As shown in FIG. 16A, a great number of chippings occur in the diced region. FIG. 16B shows thecase of " .
the dividing method and manutacturing method according to the present mventron As compared to F IG. 16A. the diced- -
faces are sharp and the degree ot chipping is greatly reduced. - St
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[0035] _..Inrelation to the depth ofa groove 22, the. aoouracy of the lapping portion of the rear surface lapping appa-

ratus and the accuracy of the thickness of the protective. tape member are verified. The results of this verification are

shown in Table 1. As shown in Table 1, when the depth of the groove 22 is equal (0) to or not greater than 5 wm, the
reverse surfaces of the chips are not satisfactory, and unseparation occurs in the worst case. In the next pickup step;. -
'theretore. the chlps are plcked up whrle causing craoks. thus gnvmg marked damage to the reverse.sides of the chips. .

[0036] lf the lappmg and polnshmg amountis 60 um or targer the time needed for abrasion is:inevitably long, result-- .
ing in poor produohvuty In part:cular when rough lapping andfinish lapping: -arg.gxecuted-to make the dividing time short -

and improve the.chip quality, it is. requrred that the working rate.of tha finish lapping be 1/5to 1/10 that of theroughlap- .- -
.the groove:22 cannot.be set to be:very.deep since.a large lapping:and polishing. amount isilikely.to... . -
cause an undesifable abraded face {for example the:material. of the, grindstone will- attach-to'the abraded.face of-the::

water), which phenomenon.is inevitable in view of the property of the .grindstone used for finish lapping: It should be™ "

ping._In. addm

also noted that Dbiaxial. separation:is required for:increasing. the Iapplng and polishing amount.. If:this.is-done, however; .- .

‘the Iapp_‘_ g and pohshmg -amount in which the wafer. is«abraded biaxially. at:low: rate.is: inevttably large; resulting;ina ..
noticeable; deorease in. productlvrty Moteover, since: an:increase.in-the biaxial lapping and-polishing amount; the:load: -
mtposed on. the gnndstone is heavy, and: abnormal. abrasron is;therefore likely.to.occur.- Hence; the. depth-of the groove - . -

22 should not be greater than 60 pm .As mdlcated in Table 1 below, abnormat abras:on occurs if the depth ofthe groove‘:.-t v
22is.80. p,m. e

Depth of Groove opm Lo2pme 20pm.: |40 pm | 60-um |- 80um : -

(Thickness-of- .} . .
Finished Chip +

Shape of _ "_OCUrr‘e’n'oe'df | Remaining R- 1.O. .0 | O |[.0 | . 0O
Reverse Slde | Unseparation” |- shape " T oo b
QualltymLap- SEREE © IUNRNY BN Q.. O |0 O | Q- -| Abnormal Abra- |

ping ... I I SR A AR SRS N sion -

[0037j ) As can be seen from the above. the desnrable depth of a groove |s in the range from (frmshed chlp thxckness .
+5pum) o (finished chip thickness + 60 pm), : L
[0038] . In the first embediment described above grooves 22 are ﬂrst formed in the wafer 21in the step shown in.

FIG. 8, anda. flat ring. 25 is then attached.fo the surface: protection fape:26 on.the pattern: formation surface, as shown-. - -

in FIGS. 10A and 10B. The wafer: 21, which is then.held by the flat ring- 25 and. the surface-protection.tape 26, is fixed
on the chuck table 27 of the lapping apparatus by-vacuum:suction, and in:this state the rear surface of the wafer 21-is- .
lapped and polrshed 1t should be noted, however, that the flat-ring-25 is not necessarily. required-in the step of lapping.

and pohshmg the rear surface of the wafer 21. That is;-the flat ring can-be omitied,.as-can be seen-from FIGS. 17 and .

18. More specrflcatly. grooves 22 are first formed in the.wafer 21 in such a step as-is shown in FIG: 8;and: then-asurface " .

protection tape (an: adhesive sheet) 52 is attached to. the pattern formation surface (major surface) 21" of the wafer 21 -

by moving the roller 51 in the direction.indicated by-the armow.in:FIG. - 8.: Subsequently, the wafer- 21, the major.surface .- -
.of which is: protected by the surface protectlon tape 52;.is fixed.on the.chuck table 27 of the lapping: apparatus by vac-
_ uum suction or the like, as shown in FIQ. 18. Since a flat ring is not-used, the entlrety of the wafer 21 has tobe sucked .- -

in a "flat” state. Subsequently, the chuck table 27 and the grindstone 28 are rotated, and the rear surface of the wafer- - -

21is Iepped b moving t the. grindstone 28 downward. When-the rear surface of the-wafer.21 has béen lapped to the

process |s oontmued untll the wafer is lapped by at least 5um or more. Then, as shown in FIG. 19A, the rear surface of

the wafer 21, which is divided into chips 29 in the precedrng step but is held to be a one body by the surface protection - -

tape 52, is attached to the adhesive sheet 26 of the flat ring.25. Thereafter, the surface protection.tape 52 is separated -

-from the wafer 21 as. shown in- FIG 19B; The subsequent: steps are similar to those shown in FIGS:-13t0 15. - .
[0039}. ..The chlps 29 that are picked up:-in the. step.shown in FIQ:13.need not be immediately subjected to'a die. -~ -

bondlng step. a wire bondlng step, a packagmg step, elc. soasto complete the fabmntron of a. semloonductor dewce e

[0040] V FIG 20 rllustrates a method of manutactunng a semroonductor devrce acoordmg to a seoond embodlment

1026735A2_|_>

he wafer. 21 is divided.into. .chips.. Even after.the.wafer.21 is divided:into chips 29, the'lapping and polishing: - -
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of the present invention, wherein the invention is applied to an LOC (Lead On Chip) package. In the case of an LOC
package, the chip that is picked up, as shown in FIG. 13, is sealed in the following manner. An adhesive tape 36 is pro-
vided on the chip 29, and one end portion of a lead 37 is attached to the adhesive tape 36. Then, each pad of the chip

. 29 and the associated lead 37 are electrically connected by means of a bonding wire 35 in a wire bonding process. The
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resultant structure is sealed in'a resin package 33 or a ceramic package Thus, a semrconductor devrce as shown in ,

FIG. 20 is obtained.

[0041]} . .Inthis case, it silicon waste is present on the chrp 29, it may break the surface protectron frlm of the chip due

‘toaload at the time of adhesion of the lead 37 or wire bonding. As a result, breakage of aluminum wmng or short-crrcurt

may be caused. To solve this problem, the adhesive tape 36 is made thicker than the silicon waste. - :
[0042] According to the above-described wafer dividing methods and semrconductor device manufacturrng meth- _
ods the following advantages (1) o (6) can be obtarned :

(1) The proportron of defectrve wafers due to damage at the time of thrnmng wafers can be reduced
Table 2 shows the relationship between the chip thickness (substantially equal to or slightly less than the depth
of the groove) of each chip diced from a 6-inch (drameter) ‘wafer and the breakage ratio (ppm: parts per million).

Chrpthrckness (pun) (=f depthcfgroove) 450 350 | 290 -F-VZQO: 51200’ 50 :
Priorart (oppm) - - © | 180 250 | 600:| 1000 | 5000-| 60000 |
Presentimenion(ppm) | 20| 20| 0] 0] o] o

- As is shown in Table 2, in‘the prior art, the breakage ratio incréases-as the chip thickness decreases. By con-
trast, in the presentinvention, the breakage ratio decreases as the final chip thickness decreases. The reason:is’
-that if the chip thickness is decreased, the depth of the groove can be reduced; and therefore the wafer thickness”
" below the groove.can be increased. In the case of the wafer with the diameter of 6 inches; thie thickness:of the afer
is generally 600 to 650 um:In the conventional dividing method and manufactiiing method; wheri a- chip with'a®
thickness of, e.g- 50 wm is to be formed, the wafer is lapped and polished in-advance t6a thickness of 50 yiiti; aid" -
the process illustrated in FIGS. 1 to 3 is performed. By contrast; in the:method of thie preserit invention, aftér the .
‘grooves of 50 pm in depth-are formed (the wafer portion of 550 to 600 pm remains below each groove), the wafer’
" is lapped .and polished and thus divided into chips: Thus, the breakage ratio in the presentinvention decreases. . "
(2) Troubles at the time of transfer do not depend on the diameter of the wafer. According to the present invention;
the wafer is divided into chips simultaneously with the lapping process. Even if the ¢hip is thin; or even if the'diam- -
eter of the wafer is unchanged, the wafer can be transferred within the apparatus without influence of warp’of the'
wafer due to dicing distortion. In addition, if the chip thickness is decreased, the wafer portion below the groovesis

made thicker. From this point, too, the breakage ratio of wafers at the time of transfer can be decreased. Theréby," '

the advantage as shown in Table 3 below can be obtalned In this case the drameter of the wafer is 8 rnches and
thethrcknessofafmrshedchrprsSOpm S Sl Saroe e e =

o3

Decrease in number cf transfer troubles (ppm) v8(_)00_0” .. 50
Storageratlotocarner(lndex) o e

As is. clear from data{m Table 3, the present mventlon is- advantageous in the use of wafers wrth greater dlam-'_» R

eters. This invention is easily applred to 12-inch wafers or 16-inch wafers which will be used in future. :
(3) Since only one surface protection tape is used, the cost for material and processing canbe reduced by 60%, as
compared to the conventional method. Thus, the manufacturing cost can be reduced. :
(4) In the case of the full-cut method, not only the wafer but also the sheet is cut. As a reésult, the cuttmg perform-
-ance of the biade deteriorates and cutiing waste flies during the dicing step: In general; the dicing speed in the fulls- - -
cut methiod is-80to 120 mnvsec. In the present invention, the dicing speed-can-be increased-up to 200 mm/sec
Therefore. the dicing speeed can be increased, and the processing cost can be reduced by about 10%. RIERRRRI
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(5) In order to divide the wafer, there is no need to perform cutting as deep as the dicing sheet. In addition, the -
grindstone for.lapping the rear surface of thewafer is used to divide the wafer. Thus, the size of chipping ontherear.

surface decreases. from.about 15 pm, as.in the prior art, to about 4.p1m. Furthermore the breakmg strength 5. -

mcreased from 520 MPa, as in the prior art; up to 600 MPa. - Treyrea o
-Where a water is divided into chips by the lapping and pollshmg of the rear surface of the wafer the amount of B
chrpprng generated from the rear surface varies, depending upon the diameters of the grinding diamond particles
of the grindstone used. As can be seen from Table 4 below,; when the diameters: of the.diamond particles are small;: -
the amount of chipping generated from the.rear surface of the wafer is small, and the breaking strength of the chips - -
is improved. This being so, the.diamond particle diameters of the grindstone used. for dividing a wafer into chips: -

and a grindstone having small-diameter grinding particles are used:in combination, the generation of chipping can.
be reduced and yet the time requrred for Iappmg and porshmg the wafer can be as short as possuble

Téii!é‘?i;""' B
Present invention. Prior art
. Distribution of diamond particles (um) o 4-6 40-60 46
‘Average chipping from rear surface (um) . . |-oo82 | 88| 138 |-
Maximum chipping from rear surface (um) _ 23 585 | .83
Average value of breakmg strength of chrps (MPa) 669.0 5604 |- 5055

- FIG. 21 is a diagram comparing breaking strength distributions obtained with the conventional method and the
method of the present invention, Specifically, FIG. 21 shows the probability of occurrence (%) of chipping at each
.breaking strength (200:MPa to 1000 MPa). As is.clear from FIG: 21, inthe separating method of the present inven- -

tion;:as compared to the:separating method in the prior art; the: probablhty of occurrence of chipping decreases if
the breakmg ‘strength is unchanged. That is, the breaking strength is mcreased The average value of breaking .
strength in the conventional method is about 520 MPa, whereas the average value of breaklng strength in the
- method of the present invention is about-600-MPa. -
'(6) In order to divide the wafer, there is no need to perform cuttmg as. deep as the di cmg sheet. Thus the wear of -
the dicing blade is reduced .and the life. of the dicing-blade can be increased. For example in: the case of.the
method in which. cuthng is:performed as deep as the dicing sheet, the life of the blade is normally 10000 to.26000
- lines (in the case of a e-mch wafer) ‘In.the method of the present invention, the Ilfe can be mcreased up to 80000 ..
hnesorrmore S el S . v . S

[Thxrd Embodrment]

[0043] FIGS 22A to 225 rllustrate a method of manufactunng a semloonductor devxce accordnng to a thrrd embod-

" iment of the present invention and are, specifically, perspective views illustrating in succession steps of mounting

- divided chips on lead frames. Like the first embodiment, the wafer 21 is divided into chips 29 through the steps illus-
" trated in FIGS. 8 to 11. The flat ring 25 and tape 26, on which the divided chips 29 are adhered and fixed, are remioved:

&85

“from the chuck table 27 of the’ lapping apparatus. Then, as shown in FIG. 22A, the chip 29 i§ picked up. In'this case, the

chip 29 is pushed up by the pnckup needle from below; with the surface. protechon tape 26 interposed. Thus, the chip

‘29 is separated from the surface protectron tape 26, and the rear surface of the 'chip 29is adsorbed by a collet 38. The
‘ collet 38 has a chip inverting mechanism. As is shown in FIG. 22B, the collet 38:is rotated by.180° so that a downward
. adsorber is directed upward. In this state, the chip 29 is'transferred to-another collet 39; as shown in FIQ. 22C, by using

an aerial chip transfer mechanism. Thereby, the upper and lower sides of the chip 29 are reversed, and the major sur-

. face (pattern formation surface).is directed upward. Then, as shown in FIG. 22D, a conductive paste 41 is applied to an

island 31 of the lead frame 34 by a dispenser 40. The chip 29 held by the collet 39 is moved onto the island 31 of lead
frame 34, as shown in FIG.;22E. Thus, the chlp 29 is die-bonded to the island 31.. . L

[Fourth Embodrment]

A[0044] FIGS 23A to 236 lllustrate a method of manufacturmg a semrconductor devnce accordnng toa fourth embod '

iment’ of the present. mverrhon and are; specmcally, perspective views illustrating:in- succession steps of mounting

_ divided chips on lead frames Like the first embodiment, the wafer 21 is divided into chips 29 through the steps- rllus-

10
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trated in FIGS: 8.10 11. The flat ring 25 and tape 26, on which the divided chips 29 dre‘adhered and fixed; aré rémoved - ™
from the chuck table 27 of the lapping apparatus. The chips 29, as shown in FIG. 23A, are transferred and attachedto -
the surface of a surface protection tape 42 attached:to a flat ring 43. Thereby, the upper and lower sides of the'chip'29 -
are reversed and the major surface of the chip 29 is directed upward. Then, as shown'in FIG:.23B, a conductive paste - = "
41 is applied to the island 31 of the lead frame 34 by the dispenser 40. Subsequently, as shown in.FIG.-23C, like the* - .
prior art, the pattern formation surface of the chip 29 is pushed from below by the pickup needie, with the surface pro- .- -
‘tection tape 42 interposed. Thus, the chip 29 is separated from the surface protection tape-42. The separated chip29 - -

is picked up by a collet 42, and the chip 29 is moved onto the island 31 of lead frame 34 coated with the conductive

paste 41. Thus, the chip 29 is dle-bonded to the island 31.

[Fifth Embodiment]

{0045] ' FIGS 24A to 24C ilustrate a method of manufactunng a sermconducto: devnce accordlng to a ﬁfth embodi R

ment.of the present-invention and are, specifically, perspective views. illustrating in ‘succession’ steps of - mounﬁng“_“‘?

divided chips on lead frames. Like the first embodiment, the wafer 21 is divided | lmq chips 29 through the steps illus- - -
trated in FIGS. 8 to 10. The flat ring.25 and tape 26, on which the divided chips 29 are adhered and fixed, are removed " - .-
from the chuck table 27-of the lapping apparatus. The chips 29, as shown in FIG. 24A; are transferred ‘and attachedto -

a porous chuck table 45. Thereby. the upper and lower sides. of the-chip 29-are reversed and the major surface of the -
chip. 29 is-directed upward. Then, as shown-in FIG. 24B, a conductive paste 41 is applied to the island 31 of the lead".’

frame 34 by the dispenser 40. Subsequently. as shown in FIG. 24C, the chip 29 is picked up from the porousg chuck table: ~ % =

45, The picked-up chip 29 is:‘moved onto the island 31 of lead frame 34. Thus, the chip 29 is die-bondéd tothe: island 317 -
[0046]  According to the fifth embodiment of the irvention, the chip 29.can'be picked up without using the pushing - - -

[Slxth Embodnment]

[0047] FIGS 25A to 25E illustrate a method of manufactunng a semlconductor device according toa suxth embod1 o
iment of the présent invention and are, specifically, perspective views |Ilustrat|ng in succession steps of ‘mounting
divided chips on lead frames. Like the first embodiment, the wafer 21 is divided into chips 29 through the steps illus- -
trated in FIGS. 8 to 10. The flat ring 25 and tape 26, ori-which the divided chips 29 are adhered and fixed, are removed =" -
from the chuck table 27 of the lapping-apparatus: The chips 29, as shown in FIG. 25A, are picked up by a collet 38.In- - -

this case, the chip 29.is pushed up by the pickup needle, with the surface protection tape 26 interposed. Thus, the chip

29 is separated from the suiface protection tape 26 and adsorbed by the collet 38. The collet 38 has a ctiip inverting' 7
mechanism. As is shown in FIG. 25B, the collet 38 is rotated by 180° so that a downward adsorber is directed upward. @ -

In this state, the chip 29 is transferred to another collet 39 by-using an aerial chip transfer mechanism. Then, the collet

39 is moved and, as shown in FIG. 25C, attached to the surface of a surface protection tape 46 attached to a flatring: - - .

47. Thereby, the upper and lower sides of the chip.29-are-reversed, and the major surface’ (pattem formatiof surface) -
is directed upward. Subsequently, as shown in FIG. 25D, a conductive paste 41 is applied fo the island 31 of the lead -
frame 34 by the dispenser 40. Thereatter, as shown in FIG. '25E, like the prior art, the rear surface of the chip 29is" -
pushed from below by the pickup needle, with the surface protection tape interposed. Thus, the chip 29 is separated.

from the surface protection tape. The chip 29 held by the oollet 39 is moved onto the nsland 31 of Iead frame 34. Thus, L

the chip 29 is die-bonded to the island 31.

[0048] According to this mounting method each Chlp 29:can be easuly transferred toa remote manufacturlng appa-' o »

ratus, located in another room or another factory, in the state in which the chips 29 are adhered to the surface protection-
tape 46 of flat ring 47. Thus,. the invention can be applied to various manufacturing apparatuses or various manufactur- .

" ing methods.

50
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[Seventh Embodiment] - -

[0049] FIGS. 26A to 26E illustrate a method of manufacturing a semiconductor device according.‘ to a seventh .

embodiment of the present invention and are, specifically, perspective views illustrating in succession steps of mounﬁn'g‘ S
divided chips on lead frames. Like the first embodiment, the wafer 21 is divided into chips 29 through the steps illus- - .

trated in FIGS. 8 to 10. The flat ring 25 and tape 26, on which the divided chips 29 are adhered and fixed, are ramoved

from the chuck table 27 of the lapping apparatus. The chips 29, as shown in FIG. 26A, are picked up. In this case.thé - .~

chip 29 is pushed up by the pickup.needle, with the surface protection tape 26.interposed. Thus, the chip 29 i§ sépa-""

rated from the surface protection tape 26 and adsorbed by the collet 38. The collet 38 has a chip inverting mechamsm T .
As is shown in.FIG. 26B; the collet 38 is rotated by. 180° so that a downward adsorber is directed upward: In this state;
the chip 29 is transferred to another 4co|let 39 by using an aerlal chip transfer mechamsm Then, the collet 39 isreceived -~

11

1026736A2__>




10

- 15

20

30

45

50

55

INSDOCID: <EP.

EP1026735A2 - -

ina chib tray 48, as shown in FIG. 26C. In the chip tray 48, the major surface of the chip 29 is situated upward. Then; -
as shown in FIG. 26D, a conductive paste 41 is applied to the island 31 of the lead frame 34 by the dispenser 40. There- -

after, as shown in FIQ. 26E, the chip 29 is taken up from the chip tray 48 by the collet 39. The chip 29 held by the collet
39 is moved onto the island 31 of lead frame 34 and die-bonded to the island 31. :

[0050) - Accordrng to this mounting method, like the sixth embodiment, each chip 29 can bé éasily transterred to a
remote manufacturing apparatus, located in ancther room or - another factory, in the- state in which the chips 29 is

received in the chip tray 48, Thus. the rnventron canbe applred to various manufacturrng apparatuses or various man-

ufacturing methods. -

[Eighth Embodiment]

[oo51] FIGS 27A to 27D illustrate a method of manufacturing a semiconductor device according to an erghth ]
embodiment of the present invention and are, specifically, perspective views. illustrating in.succession steps.of mounting- -
divided chips on lead frames. Like the first embodiment, the waler 21 Is:divided into.chips 29 through:the steps illus-- .-

trated in FIGS. 8 to 10. The flat ring 25 and.tape 26, on which the divided chips 29 are:adhered-and fixed, are removed

from the chuck table 27 of the lapping apparatus. The chips 29, as shown in FIQ. 27A, are picked up. In this case, the -

fe;

chip 29 is.pushed up by the pickup needle, with the surface protection tape 26 interposed. Thus, the chip 29:is sepa- .-

rated from the surface protection tape 26 and adsorbed by the collet 38. In this state, as shown in FIG. 27B, the.chip 29 . E

is mounted on a processing stage 38. Then, as shown in FIG. 27C, @ conductive paste 41 is applred to theisland 31.of: . .
the Iead frame 34 by the dispenser 40. In this case; a chip. mountmg surface of thelead frame 34 is directed downward, -

and the conductive paste 41 is applied, from below, to the lower surface of lead frame 34 by thedispenser 40. Then, as .
shown in FIG. 27D, the chip 29 mounted on the processing stage:49 is die-bonded to the lead frame 34. :
[0052] According to this mounting method, there is no need to reverse the upper and lower sides of the chip 29 .

Thus, the collet 38 does not need to have a chip inverting mechanism, and the structure of the apparatus is simpilfied.

In addition, there is no need to transfer the picked-up chrp to another surface protection tape, or transfer the-chip to the
chip tray.

" [Ninth Embodrment]

[0053] : FIGS 28A and 288 rllustrate a method oi manufactunng a semroonduetor devrce aocordrng to a mnth- :
embodiment of the present invention and are, speorfrcally, perspective views illustrating in:succession steps of mounting -

divided chips on lead frames. Like the first embodiment, the wafer 21 is divided into chips 29 through the steps fllus--
trated in.FIGS. 8 to 10. The flat ring 25 and tape 26, on which the divided chips 29 are adhered and fixed, are removed
. from the chuck table 27 of the lapping -apparatus. As shown in FIG 28A, a conductive paste 41. is coated on the rear .
35

surface of each chip 29:Then; as shown in. FIG: 28B, a lead frame 34 is situated above the flat ring 25. The chip-29 is

pushed up by the pickup needle, with.the surface protection tape 26 interposed. Thus, the chrp 29is separated from ihe =

surface protechon tape 26 and dre-bonded to the island 31 of lead frame 34.

[Modrfrcatrons]

. [0054] The present rnvenuon is: not Irmrted to the ﬁrst to nimh embodrments and various modmcatrons may. be

made without departing from the spirit of the present invention. For example, in the first embodiment, the wafer 21 is-

“fixed on the dicing chuck table 23 at the time of forming grooves. However, as in the prior art, the wafer may be fixed on--

the dicing.chuck table in the state in-which a flat ring is attached to an’ adhesive sheet. Alternatively, grooves may be

formed in the state in which the wafer.i is frxed on-a flat plate or the wafer is fixed on.an adhesive. sheet used as a flat’

plate.
[0055] in the lapping and polishing step illustrated in FIGS. 11 and 18, the surface protection tapes (adhesrve

sheets) are referred to as a holding member. However, the holding member may be another type. For example, it is pos-

sible o use a wax, an adsorption pad, a thermocompression bonding sheet, a substrate coated wrth adhesive materral

a resist coated on a semiconductor element, and combinations-thereof.-

[0056] .. . Although the. pattem formation surface 21’ of wafer 21 is attached to the adhesrve sheet (surface protectron. -

tape 26),-a very thin film.may be interposed between the:pattemn formation surface 21' of wafer 21 and the adhesive

~ sheet. Inthe case where the very thin film.is interposed, for example, a liquid-called Silitecto If may be sprayed-on the: -
_pattern formatron surface of the wafer to form a coating fim. Then, an adhesive sheet may be attached. Alternatrvely.

smgle-sude or double-side adhesive tape- may be attached on a flat plate, and a wafer may be fixed thereon.

{0057).- Furthermore the pickup needle used to separate the chip:-from the surface protection tape may not be used:
: Alternatnvely. the rear surface of the chrp may be sucked by avacuum and the chrp may be separated from the surface’ L

protectnon tape.. .
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[0058] - As hasbeendescribed above, the present invention ¢an provide a wafer dividing method and a semiconduc-
tor devuce manufacturing method capable of suppressing breakage of wafers at the time of thinning wafers by lapping
or transierring the wafers.. In addition, the invention can.provide a wafer dividing meéthod- and a.semiconductor device
manufacturing method capable of reducing the.number of manufacturing steps and the maniufacturing. cost: Moreover, -
the invention can provide a wafer dividing method and a semiconductor device manufacturing method capable of-

‘decreasing the degree of chipping on the rear side of wafers and preventing a decrease in breaking. strength of ohrps

Besides, the wear of the dicing blade can be reduced and the life-of the dicing blade can'be rncreased
Claims

1. A wafer dividing method for dlcrng a wafer on whrch semlconductor elements are formed
characterized in that

said wafer drvrdlng method oompnses :
along dicing lines by means of a dicing blade (24) havrng a curved surface at the tip, the grooves berng deeper
than a thickness of a finished chip and having a curved bottom surface;-

. attaching a holding member (25 26 52) onthe surface (21 ) of the wafer (21) on wh:oh the semnconductor ele-’
- ments are formed; and - ]
lapping and polishing a rear surface of the wafer (21) to divide the wafer (21) mto chrps (29) and keepmg on
- lapping and polishing the rear surface of the wafer (21) even after the wafer is cﬁvrded into chlps (29) untll the

wafer (21) is made to have the thickness-of the finished chip (29), and-

a lapping and polishing amount (A) required to attain the thickness of the finished chlp ‘after a lapped face of
the wafer (21) reaches the bottom surface of the groove (22) and adepth (B)ofa reglon of the curved bottom
surface defines a ratro of not less than 0 3

2. Awafer drvrdlng method for dlcmg a wafer on whrch semlconductor elements are formed
characterized in that:

said wafer dividing method comprises: - RTINS : T v
- forming grooves (22) in-a surface (21°) of the wafer on whlch the semrconductor elements are formed along _
- chip parting lines by etching, a depth of the grooves; as viewed from the surface (21 of the, wafer bemg_
greater than a thickness of a finished chip, and each of the grooves (22) havrng a curved bottom suface;
attaching a hoiding member (25, 26 52) on the surface (21 ) of the wafer (21) on whrch the semlconductor ele-
ments are formed; and- - - .
-~ lapping and polishing a-rear- surface of the wafer (21) to dlvrde the water (21)into: chrps (29) and keeprng on
- lapping and polishing the rear surface of the wafer (21) even after the wafer is drvrded mto chlps (29) unhl the
- wafer(21)-is made to have the-thiciness of the finished chip (29) and. -
. alapping and polishing amount (A).required to attain the' thickness of the fmrshed chrp after'a lapped face of
-~the wafer (21) reaches the bottom surface of the groove (22) and a depth (B) of a reglon of the curved bottom _
surface defrnee a ratio ot not less than 0.3. ' :

3. The wafer dividing method accordmg to either one of clalms 1 and 2, charactenzed in that the depth of the grooves‘- _:"- o ‘ o

(22) is greater than the thrckness of the fmrshed chip (29) by at feast 5 pm.

4. The wafer dividing method according to either one of- claims 1 and 2, charactenzed in that the depth of the grooves‘ S
(22) is greater than the thickness of the finished chrp (29y by 5 to 60: P,m N

5. Thewafer dividing mathod according to sither one of ctaims 1: and 2, characterized in that sald holdlng member 25,
26, 52) is at least one selected from the group consisting of an adhesive tape, a wax, an adsorption pad; athermo- -
compression bondrng sheet, a substrate coated with adhesive material, and a reslst coated on the semiconductor
elements.

6. The wafer dividing method accordlng to erther one of clalms 1and2, characterrzed in that said step of lappmg and '
polishing the rear surface of the wafer (21) until the wafer (21) is made to have the thickness of the finished chip
.(29) mclucles '

.afirst step of lapplng and pohshmg the rear surface of the wafer by means of a gnndstone havrng flrst-dlameter

13 ...
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-grinding particles such that the thickness .of the wafer is- greater. than the thickness of the finished. chip; a nd

& second step of further lapping and. polishing the rear surface lapped and:palished in the first step by means - :

- . .of a grindstone.having second-diameter grinding particles smaller-than the first-di ameter gnndmg parhclesf=
- untxl the thlckness of the wafer becomes equal to the thrckness of the fmlshed chlp wmLLT T

7 The wafer d‘Mdmg method accordmg to clalm 6 ~charactenzed in that ‘major- parhcles of sard flrst-crameter part!cles
‘are in a range of 40.to 60 um, while- major particles of said. second-dlameter parhcles are'in‘a rangeof 4 t0 6 pm.

8. A semiconductor devrce manufacturing method comprising the steps of forming a semiconductor element on-a:."-
major surface of a wafer, dicing the wafer into chips, and sealing each of the chnps ina package :
- characterized in that said step of dicing the water into the chips mcludes

formlng grooves in the'major surface of the wafer (21) by dicing along dicing lines on the wafer (21) by means

of a dicing blade (24) having:a curved face at a tip end thereof, such that a depth of the. grooves, as viewed
.. from the major surface of the wafer, is greater than a thncknees ofa fmrshed chrp (29) and. such that each of
- .the grooves (22) has a curved.bottom surface; .. v

attaching an adhesive sheet (52) on the major-surface of . the wafer (21). :
..lapping and polishing a rear surface of the wafer (21) to divide the wafer. into chlps (29) and keepmg on lappmg

and polishing the rear surtace of the wafer even after the wafer (21) is drvlded into chrps (29) until: the wafer‘..

..(21) is made to have the thickness, of the finished chip;and ... - - C
. -separating each of the divided chips (29) from the adhesive shest (52) and seallng each chlp ina package and - .
“a lapping and polishing amount (A) required to attain the thickness of the finished chip after a lapped face of
the wafer (21) reaches the bottom-surface.of the groove(22); and a depth (B) ofa reglon of the curved bottom
. surface of the groove (22) defmes a ratio of not less than 0.3. L :

" 9. A semiconductor dev:ce manufacturing method comprising the steps of formmg a semlconductor element ona
. major surface of a wafer, d:vndmg the wafer into chips; and sealing each of the chips in a package. .
charactenzed in that

_said of step of dividing the water into the chips includes:
forming grooves (22) in the major surface of the wafer (21) by etching: along chrp partrng Imes on the wafer (21)_
suchthata depth of the grooves, as viewed from the major surface of the' wafer (21), is greater than a thickness
ofa fmlshed chip (29), and such- that each of the.grooves (22) has a curved:bottom surface :
- attaching an adhesive sheet (52) on the major surtace of the wafer (21);. :
lapping and polishing a rear surface of the wafer (21) to divide the waferinto chlps (29), and heepmg on Iappmg
.- and polishing the rear.surface of the wafer even after the wafer (21) is: drvlded mto chlps (29) until the wafer
.. (21) is made to have the thickness of the finished chip;and .
- separating each'of the divided chips (29) from the.adhesive sheet (52) and sealmg each chlp ina package and-
- .a lapping and polishing amount (A) requnred to. attain the thickness:of the finished chip after a lappedface of
. the wafer (21) reaches the bottom surface of the groove (22), and a.depth (B) of a regron of the: curved bottom
.surface of the groove (22) defines a ratio of not less than 0.3. : _ g v

10, The wafer dividing. method accordmg to elther one.of claims 8 and 9, charactenzed in that the. depth ofthe grooves-

(22) is greater than the thickness of the finished chip. (29) by atleast:5: um

11. The waler dividing method according to either one.of. claims 8.and 9 charactenzed in. that the depth of the grooves
(22) is greater than the thickness of the finished chip:(29) by.5 to 60.pm. .

.12. The wafer dividing. method accordmg t0.either one of claims 8 and.9, characterized in that said step of separatmg"

each.of the separated chlps (29) from the. adhesrve sheet (52) and sealrng each of the chlps (29) ina packagei v
mcludes the steps of:, e :

mounting said each chnp (29) separated from the adhesive sheet (52) on an island (31) of a Iead frame (34) '
..wire-bonding inner. lead-portions of the lead frame (34).and pads of said chip (29);.and " S
oo ealmg said chip. (29) ‘said island (31) and said inner Iead portlons in the package (33).

13. The wafer dIVldan method accordmg to either one of clairmis 8 and 9 characterized in that sa:d step of separatmg

_ each of the separated chnps (29) from the adhesive sheet (52) and sealing eachof the chlps (29) in'a package (33) -

14.
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mcludes the steps of:

bondmg one end of a lead (37) on a major surface of the chlp (29) separated from the adhesive sheet (52);
‘wire-bonding said lead (37) and each of pads of said chip (29); and .
5 - sealing said chip (29) and said one end of the lead (37) in the package (33).

14. The wafer dividing method accordmg to either one of clalms 8 and 9, charactenzed in that said step of lappmg and.

polishing the rear surface of the water (21) until the wafer (21) is made to have the thickness of the fmlshed chip-

(29) includes:
10

“afirst _step ot lapping and pollshlng the rear surface of the wafer (21) by means. of a grlndstone havnng first-
diameter grinding particles sueh that the thlckness ot the wafer (21) is. greater than the thlcknees ofthe fmlshed
chip (29); and ’

. a second step of further lapping and pelishmg the rear surface- lapped and pohshed in the first step by means

15 of a grindstone having second-diameter gnndmg partzoles smaller than theflrst-dlameter gnndmg particles
untsl the thicikness of the wafer (21) becomes equal to the thlckness of the flnnshed Chlp (29).
15. The wafer dividing method aocordmg to clalm 6, charectenzed cn“that major parucles of said fnst-dlameter particles
areina rangev_of 40 to 60 pm, while major particles of said second-diameter particles areina range of4 to 6 pm.
2 : ot : o - '
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